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(54) LIQUID FUEL RESERVOIR FOR FUEL CELL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a fuel reservoir 
for a liquid fuel cell, capable of supplying the liquid fuel 
regardless of directions, and in particular, effectively 
used in a mobile electronic device. 
SOLUTION: This fuel reservoir comprises (a) a vessel 
for defining a cavity holding the liquid fuel and (b) a 
wicking structure mounted in the cavity, sucking at least 
a part of the liquid fuel, and discharging or sending the 
liquid fuel by pumping, wicking and the like. The wicking 
structure is made of a wicking material having a free 
rising wick height more than at least half its longest 
dimension. As the material having the wicking 
performance, a foamed material, a fiber mat, a fiber 
bundle, the woven fabric and non-woven fabric can be 
used. The vessel has the shape of a pouch or an 
envelope having flat upper and bottom faces and made 
of a soft film material, and is foldable into a flat and thin 
shape. The vessel storing the wicking structure and filled 
with the liquid fuel can be bent. 
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[00253 — **»«wc*j(,>t. sgrt(c^sns 

ilDDfCft^,. 

[002 6] ^KJRSSn*«fl«MW>«*«AK:-r 

4fc»K. »*>y«fi»©Hi*?S8i*«/hK:-r4 



11 

:oo27] ? < v*>>/im»<D m&&m < s 0 1 

id v o 1 u m e ) J £ tt. 0 -t v ^*Sj*#©@ 

*Hst*4CcJ:»)i68t>6ha«8lr*4. JH®«t>2rctx. 

refusal j -f » &mm»<DWfc&m (ext 

ernal vo 1 ume) *6f©5?l (vo i d) 

[0 02 8] »*>ytmsfWj 

[0 0 2 9] £ -* 5>*>^t«4SS[«. SSft* +• tff- 

<ttft2 5«T, ^LtgWSK(^10%OT-C 

fcW^fll©#*L <«*!>&< ifc#5j5 0%. <fcO»$ 
L<8*j6 5%#>6>9 8% < ^Ltr&4>#£U< «#J7 

[0 0 3 0] y*>^«jSfl:{Cj:t>(5»6>n*@fl: 
•< **>^^f*£TSC£K<fcD*/Nfc3tt*. 

< £&* + b*^ jiasp* v*>>?mmmc 
r . d>& < £ fc^fff ffltc <t o ^n© ffiniiss £ 

r b -f 4 (D'ptu < £ fe 8 •OCDPSK * & t> »■€• ©T <* i2 < 
tclEg§ ft S. * + b^ ^ tcte&fimcoBVi 

? r E J , THJ . TKJ . TMJ . TNj . 

TXj 4>L<« rzj ©J:9ttJB©£f8£SK*£4C£ 

»tr *ti«. "5 4 v * > **HB6fl:tt4>fc < £ fe * 
[0 0 3 1 ] fl&lflfiffi^SSK. ^Si^ttK 
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m<DW$<Dwm*>- h v •> i>omkt£ £©. m* tern®. 
*wm f >*>* %mtLx. o<«. ss« 

5C £#-C£. i^- h ©MffifflSB^to-ti-r b - h ~>- 

[0 032] ffiftSI^R. «it«jP>^*5t»B^ 

*i*43?f!2©T F tc SIS c £ #-C# 

*5l»r, WnjiSS©-T<'i5<©gl5^J:f)T^- 

auaiWPjMS^fer^-FKifliWifefeK:. *«ffffl 

30 ©? •< ^ icj;^^ rs- Ftemttimz&zct&x- 
%m-?r®&fre>mwmmwxi7< £#. ss^acc 

*UPttffi«aHI?-C*4. 
[0 03 3 ] *#H9©36«cS*«t^.«». tt 

^6*ifc. «««S«l^«^Bf«S©fc»©'>^ v 

B. ^'J^U^>^?Sft (»*L<«. 

so ©0 ^ 9 * > ifmfOmtcW-Ctt < . c© J; 5 tt 
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jSK)*tt<4fc2»<01J:0*»l> i «fc»*0<tt. 

[0034] »cc»* L^mmmmod^x. y << v * 

>#ttm*. 2o©3B»IBI©*Sf^K:^*WU. ^*<D 
ISA. W40~^^6W3^^SfJ©gp^^c^^4cD^ 

[0035] * y^u*>^{**^ 3F*>ywt4i 

5#>F/SW^-f-h0OKHK:*O. tfTi^XW: 1 

*L<tt«BB&*0. 5*6 1 5#> F/fi*? -f - h© 
!5Hr#T1f-f XB4 0*62 0 0*T/^>?-CD®ffl 
*fe#£L<*tt»K**0. 5*610*>F/ 

a- v<omnx^r^AX\%i 5*6 2 o o*r 20 

[0036] 7x^FttiiB«*y'>u*>«!i*aif 
cd 7 * * F y * u * > AftftoP 9 -/ * * > *tm i 

>F/:ft#?Y-F©«HK:*9> *fcE»*ttl. 1 
*6 3 0(D^H^^>^-<^-e^>0. *f*L/<ti!gS*3 
*6 1 5#>F/SE*7-f-KD«HrElfJtttl. 1 
*6 2 0<D©ffl-C*D, *fe»*L< BSSS*3*6 1 
0#>F/iC&7x-FO«HrfflNltttt2. 0*6 1 
5<D$SB~C£>£ D 30 

[0037] *^©gswsf«SB, r$mm$>zwz& 

Arcol 3020 #y*->l/ ( 

* 

D a b c o NEM (Air Pro 
A- 1 (OS i Specialit 
Dabco T-9 (Air Pro 
L-62 0 (OS i Special 



[0 04 3] C*l6*B0#M«^U 3 0*HHfi«l, 
TK«Lfcfk 6 0W©F^i>^^V5/T*-F*ftI 
Afc. 1 OfMHteU 15" XI 

5" x5" ©ffitcAnr«jas^2 4B$pj«{b3-a-fe. 
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±9#SL<tt4>tt< ife^25%, «fc»H>o*5 

7 0%*6#J9 9%, Wl«fa8 5%, 9 0%, 9 5 

feU< B9 9%r&£ 0 
[0 0 3 8 ] 

[|S91©*JS<W$»] H2*6EI4«:#JSrSi, 
F V * 5*S» 2 0 ^fHBBflteVl 2 2 £ JRST £ * * 
k'ry^^o fflP^~-^2 4tt#-K-2 8 
rf»2 0CC»Df, fflP^^-rf2 4»gS2 0O*^ 

2 6 fe*fc*7/*-2 8**lvc§S2 OtCS^S. 
AP*~-:/2 6K«\ «»*SS2 0*6iStiUi-r<D 
4ES<f/cfeCc— ^^V:/ (^Stiri^jrlO 

[0 03 9]^^ **>*#Hft{*3 2#«S2 0<D*i> 
^^rttC«it6tiS. >?^^>^«8ft3 2H § 
S2 0©* + ^^rt©mP^A-^2 4©Hft4SR»* 

[0 04 0] a2*6S4{C^S*i/clS!i^Slic45^ 

jeffetifc^x^Ftt^y^u^vftSftr**. MA 

tf, CO«Jif*B, 9 0mm(D^$^1«^ft(DSS%rffi 
ilt, KBl 0 mm (M) x 5 mm x 9 0 m 

[0 04 1 ] »«#ttJHTCWB^ft*ffl^TWJit3n 

[0 042] 

Bayer Corp.) 10 03B 

4. 7 

ducts) 1.0 
i e s/C rompton) 0. 1 
ducts) 0.17 
i t i e s /C rompton) 
1. 3 

^/M©l/5fcffifirrS (-rttfofc. EE*¥=5) 
©fc+»ftl»(«ft3eoflE> tBEft*ffl**CiCcj: 
0, M«flct7*^FttK:Lfc. *^3 0^iajftR^Ejffi 
EE**JDAfc, 7*^F««tt#<0«flE»7. 0#>F 
/±Lj]7 a -hX$>-?tc e 

[0 0 4 4 3 §S2 0fC6ml CD, 95%CD^^y-;l/ 
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-fe^AXF^A (rubber serum sto 
p p e r ) 3 4^^. 

[0 04 5] tf>7'3 0 tiffin^*-:/ 2 4{Cft#JU 
■5-f ^*>y*Jfi»3 2#»6fflP**-:/2 4^111 
^#»42 2^^l^tH-r o SB*»6«Sfi^«!*5l*ffl 
T<wc^g<hi*ft4cDB, ffiP**-:/2 4K:tor*>a 

H4tcs^snsj:9tt risaj ©i5j*&c*43gg*m> io 
^>7^@^L/taair, 5. om l comtM&ft 

-©^^oRer, tm^mm^2 . omi 

4««BR*9l*WOfc. riri^^j ©|fij*riB» 

cd J: 9 &c »«»4<DSffi»»S?tf 6 n tt* o ft:. 
[0 046] soo^Jto&B (H^snroa^) CCfet> 

SH 1 0 mmx 5 mmx'9 0 mm0fi^ftl*4 

w*m&Kwehtiittfvx.x7JWWRm>'<y ft* 20 

4 -f * * > y«W*3M»iS tifc. » F 

#n-h£ft/cv-*{fc#yxxf*;t/) i^tfi^ 

jg^5£:3 — A (combed ro 1 

1 e r) TMKcjPffiSCiCCiOIBiStifc. ttl^ri* 
4:a-ATn-5fr6t(D»*fl*9i1-U n>^^;P 
He* Ufa. a^f^Htttfit. giJcon>-<^^ 
iI/h±5ca»©)B*8l*afeSM8SH (articul 
a t e d arm) tC«*&Lfc„ 3#<D**SJP3K:»» 

[0047] ^ hK.m<omMiM (H*snro«cio 

u>R^-rn>«Bt©^u>Ftm»b, ^-ao- 
BE©^-Fy>yf»*aLte- --Fy>iO**fc* 

ft:tr4o R*»fta©^-F^7*Jl/FiUT*ff&h 

[0048]*K 4 B5acW8*#J|ltr*i, »4Br 
BBS©**'* * T - V>fr 6 tt 4 8 fl<D§g#7S 3 ft T C > 
4 0 ttSHSSSUge*^^^, /^ ? F*4i»Bx>^o- so 
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7'4 0lt — fttcJB^Sftrf>-;l/«J8B4 2*feo^-»? 
3% A*-* F*4l»Bx>^n-:/*0ft;4 ltfc*4i> 

hi/-jV*4irittia#«»»tcJ:?)IS-&3ftS. x><^ 

*^***BW*Sft*. £»AP4 4tt % ttfttttt 
^x>^a^-7'4 0^ 6Sft ffi ^Ci^ <* tc&lC—Ji 
^;^4 64ii5. 2»An4 4», *ft*f4#x 

iI8S£ffi{*-r4 0 
[0 04 9] fflP^^^48^xXn-7'4 O^S 

t,vrff£6ft4. fflp*:*-:/«x>^n-:/©rt«S 
£ft-cte*K c niii 5 r 7 7 > b Aita©twlPSr^ 
*c^6*t«^*s»ft4cia<iftasL«*ra 

tc«S»* 4 ©«c«B S ft 4 fca& 0 W W 6 ft * 
[0 05 0 ] ^ ^*>^«Jfift5 4B, H2 3^6H4 

(omimmicm& b r kibb ufctmrjeft 6ft, x 

n-^4 0<DSarttcffi^Sftri^4. SioWlsii 

BfTas^a^«^6ap^^-^4 8*aur^ 

ft4„ 

[0 05 1 ]»*Klt ^^^>^1M5 4^ 
-^ffi3&ix>^ca-^4 0©rtaK§Ffl|Oc— a*J"4. 
*>^«JS#54«\ #*L<tta»rC*?K £ft:x> 

ft4/ctf>, ffiffi^irii, jRf*«^«^*f-A©:£ 

<t**-C*4. 3 6tc, c©#SLl>Hj^«©x>^n 

-^ottfflrc*^ nwwcc^ffl&±a8*4i^iS 
[oo52]07 -&am 8 *#js*r 4 , m<o^wm. 

f4Bf)iS^3ftr^4o H7 2acfl88K:J:4*8»llfj« 

cfc^tc, £MAP4 4Rtf— #ffi/<Jl^4 6#ttl>C^ 
S5R^6CD^»:»487 i ^iPI«l'C^>4o 
[0 0 5 3] H 9&tfB 1 0 tt**K©S9<Dieftficil»*4 

RS«s*^-r. 9 1 0 (Dmskimmmste. m 
>? & pjtetc r 4 fc» teas* a ^ ^ tc^»4*« at 4 

JBWB, 0 7 8 tcj: 4lfe»:»4BfjaS tn®CCtb 
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•S. 

[00541011 1 2 l*&§m<Dffl<D 'J t> 

)^m£mmmw8*m-. mi 2com 

5 9 T->-;U3n/cffi^^AP 5 7 ^ff&f S. Cti 

s. ccDHjfe^-c^a^^^^ij-rci-f. COM 
t-f- < tcmftimzmx-rz c <l#-c# . 

[0 05 5] 01 3*>6H20K«. ? -* i>*>i^tjg 
#7 3. 7 4, 7 5, 7 7, 7 9, 8 1. 8 3&J>'8 5 

©^8i*5«/JMt34ifcj8»4fl}««©(<i < -oommmm 1 

00. 102, 10 4. 106. 108. 110. 11 

2&iy : l 1 4*i^Stin»4. zti?t\<Dm$mmM 

>^}&*{*7 3, 74, 75, 77, 79, 81. 83 20 
*-SlHJ8 5, ${«P4tiiPiI8S7 8Ri>*ffSjlif?CD^ 

map 8 o (gg7 2#st,4t3|8f-c-?< 6ft-rt,>£*>£" 

5#>&tJ:S) *WTS„ Cfteoj&^BrjlSlS©'? -f 
>^«fi#7 3, 74. 75. 77. 79. 81, 83 
RO'8 5«, * + b*f--< 7 6©4>&< £ &JIj2a5££$!> 

^ v*r>?mvkmz 3 mzm?zBVi (mi 3* 

. IE#ft?&£W;fg^©ffJtt (01 4£#M) 
AS^ar^r--^ thj . rxj . tnj . 

TMJ . TKJ TE J (-g-ft-eft. 0 1 5 ~ 2 

0£#flB) (DI©ftt?:fcociOTt5. 30 
[0 05 6 ] 02 1 tt. #mUc£6 y-y-^^^Bj^^r 

^tfjssoiijs^si^msswcc^-r . vim* >\> 

fc«5*4B?j«S 1 16tt, £i§7 2 , ? A •j^^vm&tt. 
7 3, * + b*f ^ 7 6 , ffifoSlRO^mAP 8 O&WC 
is-)!** t ^7'8 2 Ri>*->-Jl'* +• :/±©$?£ b < « 
^^~m<Dm 4£«T£&#»4fcBP7 8 
C©»£7fi;SrcW:, 7EO^{*^©^6^4>-St^3:^aJ 
3»4Jt?jaH#> 6>m 0 fcB £ titcfe . «f4S*^ 6 »4B? 

mgzwmrctifi-vz. 'jum&mmm 8©m§ 

a^Zis-fr** -y^Q 2Vis-)lb> -?-L/rSS8 4* 40 

mmm^nfemt s e & * a. 

[0 0 5 7 ] 02 2 ^JffllK J: ***Jffia 
«^BS^©3!lcc«Jt»«0««H-C * S . If- f A 
^«&«*4IS , jB» 1 1 8«. £i§7 2. 
JS*7 3. ++tf^76, ff*JW?©2aAP8 0a 
6©ttt>fc«#«»4aiP8 8*flte.£. 7C© 
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*£t>ttWE*njfi£K:-r6ft:«>K:. ^*;u^8 e^lit 
$r^»4i? m^^mwimxn%mt z c <t **r * 5 . 

[0 058] I23», ##6^©2^^tE&jKf4Bfl8& 
ZOO*, agftttft2 1 0<DTS — F 2 1 2 (cMf^iK 
•^-f -^208 £ jl L T ^ U T t > £ mttti&MZ: 
TfeOT*4. SaftW*6tt*B»*BfjllS2 0 0 ti, <*H > 
*>i*HJjg#2 0 2£^fc*+fc*r-f 2 0 6£Ss!>£g 
§2 0 4=&IA4 o »&*H?*82 0 0©$.f 
3M*2 0 2(i«SaS«9Y 7>Z0 8 4«Mltl>4. 

(^^■5 ^-^2 0 8 <a*mtmat> -* ? f « ® 

tt2 0 2©^ i g^fflJ:^A#< -C*«ftffl©*)E*if¥D 
Hi^nr. ifttt«^*«!»4Bj«S2 0 0*>6j85f4m*2 
1 0©T^- K2 1 2^jM-2> 0 

[0 0 5 9 ] mm * L/t^Hife^JjSKfctr^r , ^ ^ * * 

aJ»">.*|Sl-3W 6*1-5. ^«^©^i2* s $>5Mf4?:SS 
j*T5 1 o©^iS«. -g-©S#^"[S]tCSo-TEilta?:^ 

ffl©^iE^S.5W4 ; £S^-rSSiJ©73a«, 

jt 9 %Mftm* fe-3«Motis»©tt^** r * > ^ y ft 

tc^SfPffl©^3t>SP»*»6ffl*fWic*«fPffl©^:*i> 

[OO6O]024Siy''025tt, *«^ffl«:«Ji54 W 

WK^-T. 02 4{C^Sti-5«t5fC. — S^SSRD 1 * 
T-^^X©|6?a«0{P6^5< 05J. ^1 

©SSR6 1-cmiomfrT 1*. ff£2©«3|56 5-CJS2 
©W*T 2 Wi-S. X7^6 0U, MiLl«M 
JBSU SEST lSD f T2 S©J¥ST3(C 

6 5t?T2*>6T3(Ctm*H«T-S©K:^<!:3n 
5, ^E(16 4t?^3nri,^)Iffi*J:'3tl>Pt& : JCCA# 
ft. 55H]6 2CcJ:Da3ti4ffiB** J . ^1©^SP6 1 
tT l*>6T3{Ct*f4*EBSrr'5©«:j£»iSnS. 
[0 06 1 ] 02 5CC^3nrt^7x;Uh{fc3nfc^ 
igftCOg^KfaoT. «Jfi«:tm©ffilt*ttSE{fcl/ 
■CbD. ^2©ffiSP6 5A (T2*>6T3) ii:b$5Lr 
01 ©«g|56 1 A (T 1*6T3) -CftA©E»<tfto 

Stt. S3Tftto^ffili*5*9Ar-5<!:«^f ^. 02 5 
©^Eri6 6 tt7 h©SS*-5t>B*Sf¥ffl^tB>y-W 
tc/h 3 1 ^35»*> 6 7 x ;V h ©S § $> ZWt&gHtm&ft 

ic a # t> >a^©*«f^ffl k «t i, mtio^m zm. 

r. C©<fc5tC. "5 -< ^ + >^W*44>-S^«^-f 
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*> Esm<ommic/}\^ (,>*m©— gp#a>6ffi»*© 

[0 06 2] #2B?8as*?* L/l^MJ^sCDI^iffl^SiBJi 

[mmoymmrmm) 

[02] <fc 4*»*«WHiS(«8»Bf«S©iE 

[0 3] 02©«&j&*4B?jag©. — »#jWK»jlift*» 

[04] @2SO*3 ©»fl^BmS©_tffiElr* 

[05] «fc *8U©*£&StaJB&ffl^ltrjaS£ 

©JES0-C&S. 20 
[06] 05©SiJ©««4triSil©. -as»*SR») 

[0 7] ££tAP#&l>. *»gBKJ:48!l©iK*4*» 
ffi«ft»4afjaH©iEM0-C*> S . 
[0 8] H7©JM©S»»mfW*S©. — aB»**BtO 

[0 9 ] 8 ££tm#jBS|3H*AP5 6 

S . £ <* 4 JJ OoaMBtWfcffljSftjWNfBf »3i©IEM 

0t?*-5> o 

[010] 0 9©JS«©&&»4B?/gfS©. —SMtffiWL 30 
[011] »*l/<«^^*-S-C*4ii5 QiCfcDJ' 

[012] 011 ©8«©*#*Rf«r»g©. -SP^* 5 

[013] %mRKM->-Ct> -f v*lsVW&&g&& 
*/M b S ft fc«««t4Bfiag©iEil«W50 t? * S . 

[014] ^.wnvzu-o-c #m&&8&ifi 

Jft/Nt34ifc««^iK»ag©iEffllH»^-C*4. 40 

[015] *«w{cfieo r >> -f v * > f*iSttsai*s 

[016] *#feHjtcfi£o r 9 -* v y«jgft^f8t*s 
[017] *mmuit ^#i§f£S8t# 

«/MhS ft fc«^»STj®H©iEMftB§0-C * 4 . 
[018] ^WKSfoT"} i» + >^«ii*Sf!(l*s 

[019] #2S93&cfi£r>T"} -< "j^fmm^kifi 
*/Mfc3hfc«(«(S»BfI«»©iEil«eia-C*4. so 
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[020] -* 

&/Nt § nfc«tt*8»K«S©iEffi«EiS0r * 4 . 
[02 1] #£0<tt9;<-»C*SBI8 4**trS' 
-jM**? ^8 2*Wr-5*^»tUn7 8*feo > y 

Wfi«S©«WI0-C*5. 
[02 2] Sfl*Sf4tfiP8 8CC^^8 6£WT&. 

j«ssw«s©««iar*s. 
[023] *«f¥fflK J: "D *mi<DjmtfW&if>iim 

[02 4] 7*^Kfc^".5W©< ZTm*}* v*r^t> 
[025] ^xAFftLfcg©, 12 4©^r^> 

^tm©*ii&0-c*s. 
10.20 ij-v y 

1 2 

14. 24. 4 8 mn?*-7 

16.26 ^JoAP^-T' 

is 

2 2 iRttttttS&ft 

2 8 

3 0 

3 2, 5 4. 2 02 5» + >y«SK* 

3 4 7;-i-t7AXh'?/-i 

4 0 

4 2 ->-JU4SaS 
4 4.8 0 £MAP 

4 6 — im'W? 

5 0 ij^~7—y' 
5 2 ftttftSB 

5 6. 5 7 «tffl8*f4AP 
5 8.8 6 >W1 
59. 84 K 
7 2.2 04 

7 3 IE:#JI£* £ t > lZ&fiB<DJ&Vi<0 ^»t> ^«tj£ 
{* 

74 32*wr4^«©f ?*>m&# 

7 5 THJ ©Jf^O-iM **>^«jftf* 
76.206 t'-f -< 

77 rx j ©MK©? -y » 

7 8 ttftj^tiOUft 

79 r n j owtov 4 y*isi?mm& 
si rMj mtwov-i 

8 2 is — )l*r<r -j 7' 

8 3 TKJ <DmXW a v *>^1f3Sf* 
85 rEj ©fl5tt©^^ »*>^«3fiflt 
8 8 &<*j»4EfiP 
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10 0. 102. 10 4. 106. 108. 110. 1 

i2. 114 mwsmt 

116. 118 x )^Ai> >\^wzmmw8i 

200 *z^mmmm 

208 M$mm? 4 ? * 

2 i o mnmm 

2 12 T F 
6 0 <3^5^ 
6 1 SI ©SSP 
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* 6 2 mi ©SSB-CCDffi»**^-r^EP 
6 4 *2©^T©E*t#*ij*T*E|J 
6 5 »2©SSI5 

6 1A 1 ©SSSP (T1*>6T3) 

6 5A SmtGM2 0m» (T2#><E>T3) 
6 6 ^^{Cfciasno^lSj^mT^EP 
T 1 SI 
T2 S2©/S# 

T3 EEiftffg©/?;? (Tl, T2«t»5/hSt>) 



[013 



[03] 



16 



i I 




Mil- 

, i -J 








! ■' 
i i 
i i 




] i 
> i 




i i 
u 






[04] [05] [06] t08) [012] 
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[07] 



^48 
40 
^42 



[010] 




i i ] 



SB . 



48 

40 

-^42 



13] 




I 
I 



[014] 



* 78 * 80 



J2 



.-'-73 



-76 



[HI 5] 



[016] 



[018] 



104 




10G 





[025] 





immB] ¥^14^10^25 (2 00 2. 1 0. 
2) 

[*ttf*IE 1 ] 



0.5) 
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( b > * + \£f 4 ntcwa. s n. -e c n&#»4©4>& 

< £ SB##Rl,>±lf 6ft. ifcSC*C*6*f*«&*4* 

( c ) ggOMSrm^-Cgfgfl-asCC^ 4 9*>y*itf* 

[I»*B 2 3 "? -f v ?*«&{*© S S±#^ 
*i**MHW« «fc 0 **<,»WlJ|8S 1 KIBK©»4^ 

[gj*B3 ] •? < *<¥>ifmm&fi. mm 

JR. «H§v 5- h . ttttllS^NMWt^tf CcMm^TLtt 
C 4 ] S 4 v * > . tt& 
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1 Title of Invention 

Liquid Fuel Reservoir for Fuel Cells 

2 Claims 

1 . A fuel reservoir for a liquid fuel cell, comprising: 

(a) a container having a wall and an interior defining a cavity holding 
a liquid fuel for the liquid fuel cell; 

(b) a wicking structure disposed within the cavity and into which at 
least a portion of the liquid fuel wicks and from which the liquid fuel may 
subsequently be delivered, wherein substantially all of the free liquid fuel in 
the container is oontactable by the wicking structure, wherein the wicking 
structure has a longest dimension and the free rise wick height of the wicking 
structure is greater than at least one half of the longest dimension; and 

(c) an outlet that provides fluid communication of the wicking 
structure through the wall of the container to a location exterior of the 
container, 

wherein the fuel reservoir is selectively detachable from or attachable 
to a liquid fuel cell. 

2. The fuel reservoir of claim 1, wherein the free rise wick 
height of the wicking structure is greater than the longest dimension. 

3. The fuel reservoir of claim 2, wherein the wicking structure 
comprises a wicking material selected from the group consisting of foams, 
bundled fibers, matted fibers, woven fibers, nonwoven fibers and inorganic 
porous materials. 



(19) mm 2 0 0 3 - 1 0 9 6 3 3 

4. The fuel reservoir of claim 1 , wherein the wicking structure 
comprises a wicking material selected from the group consisting of foams, 
bundled fibers, matted fibers, woven fibers and nonwoven fibers. 

5. The fuel reservoir of claim 4, wherein the wicking material is 
selected from the group consisting of polyurethane foam, melamine foam, 
nonwoven felts of polyamide, polyethylene, polypropylene, polyester, 
polyacrylonitrile, or mixtures thereof, bundled, matted or woven fibers of 
cellulose, polyester, polyethylene, polypropylene and polyacrylonitrile, or 
mixtures thereof. 

6. The fuel reservoir of claim 5, wherein the polyurethane foam 
is a felted polyurethane foam, reticulated polyurethane foam or felted 
reticulated polyurethane foam, the polyamide is nylon and the polyester is 
polyethylene terephthalate. 

7. The fuel reservoir of claim 6, wherein the wicking material is 
selected from the group consisting of a felted polyurethane foam, reticulated 
polyurethane foam and felted reticulated polyurethane foam. 

8. The fuel reservoir of claim 4, wherein the wicking structure 
comprises a polyurethane foam with a density in the range of about 0.5 to 
about 45 pounds per cubic foot and pore sizes in the range of about 10 to 
about 200 pores per linear inch. 

9. The fuel reservoir of claim 8, wherein the wicking structure 
comprises a polyurethane foam with a density in the range of 0.5 to 15 
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pounds per cubic foot and pore sizes in the range of 40 to 200 pores per 
linear inch. 

10. The fuel reservoir of claim 4, wherein the wicking structure is 
a felted reticulated polyurethane foam with a density in the range of 2 to 45 
pounds per cubic foot and a compression ratio in the range of 1 .1 to 30. 

11. The fuel reservoir of claim 1, wherein the wicking structure 
has a capillarity gradient. 

12. The fuel reservoir of claim 11, wherein the wicking structure 
comprises two or more components, wherein at least two of such 
components have different capillarities. 

13. The fuel reservoir of claim 11, wherein the wicking structure 
comprises a foam felted to varying degrees of compression along a length of 
the foam. 

14. The fuel reservoir of claim 11, wherein the capillarity is 
greatest at a portion of the wicking structure proximate the outlet, and a distal 
portion of the wicking structure is of lesser capillarity. 

1 5. The fuel reservoir of claim 1 , further comprising: 

a liquid delivery means in fluid communication with the outlet to 
deliver the liquid fuel out of the container through the outlet to the location 
exterior of the container. 
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16. A combination comprising the fuel reservoir of claim 15 and 
an anode of a liquid fuel cell, wherein the liquid delivery means is in fluid 
communication with the anode. 

17. The combination of claim 16, wherein the liquid delivery 
means is a wick, said wick delivering the liquid fuel to the anode. 

18. The combination of claim 16, wherein the liquid delivery 
means is a wick, said wick being in contact with a wicking link in fluid 
communication with the anode, said wicking link comprising at least a second 
wick, wherein said wick and said wicking link form a capillarity gradient that 
directs the liquid fuel to flow from the outlet to the anode. 

1 9. The fuel reservoir of claim 1 , further comprising: 

an air inlet through the container, said air inlet having a one-way 
valve to permit gas flow into the cavity of the container. 

20. The fuel reservoir of claim 1, wherein the container has 
flexible sidewalls. 

21. The fuel reservoir of claim 20, wherein the container 
comprises an envelope formed from one or more sheets of a plastic film or a 
plastic-coated film. 

22. The fuel reservoir of claim 21, further comprising a 
removable tape that covers the outlet passageway when the container is 
shipped or stored prior to use. 
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23. The fuel reservoir of claim 21, wherein the container is 
flexibly bendable. 

24. The fuel reservoir of claim 21 , wherein the envelope has a 
first face and a second face and said first and second faces are substantially 
planar. 

25. The fuel reservoir of claim 21, wherein the envelope is a 
pouch formed by heat-sealing or ultra-sonic welding. 

26. The fuel reservoir of claim 1 which is recyclable, wherein the 
outlet has a valve that allows liquid fuel to be introduced into the cavity. 

27- The fuel reservoir of claim 1 which is recyclable, wherein the 
outlet has a sealable cap that allows liquid fuel to be introduced into the 
cavity. 

28. The fuel reservoir of claim 27, wherein the sealable cap has 
a membrane that upon puncture allows the introduction of the liquid fuel into 
the cavity, and after liquid fuel introduction the membrane reseals the cavity. 

29. The fuel reservoir of claim 28, wherein the membrane 
comprises rubber. 

30. The fuel reservoir of claim 12, wherein the wicking structure 
comprises first and second components, said first component having a higher 
capillarity than the second component, wherein said first component has a 
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longest dimension, and the free rise wick height of the first component is 
greater than one half of the longest dimension of said first component. 

31. The fuel reservoir of claim 30, wherein the free rise wick 
height of the first component is greater than the longest dimension of said 
first component. 

32. The fuel reservoir of claim 1 , wherein the wicking structure is 
made of a permanently compressed wicking material. 

33. The fuel reservoir of claim 1 , wherein the wicking structure is 
made of a reversibly compressed wicking material. 

34. The fuel reservoir of claim 1, wherein the wicking structure 
has a wicking structure volume and the wicking structure volume is no more 
than about 50% of a volume of the cavity. 

35. The fuel reservoir of claim 34, wherein the wicking structure 
volume is no more than about 25% of the volume of the cavity. 

36. The fuel reservoir of claim 35, wherein the wicking structure 
volume is no more than about 1 0% of the volume of the cavity. 

37. The fuel reservoir of claim 1, wherein the wicking structure 
has an external volume and the void volume of the wicking structure is at 
least about 50% of the external volume of the wicking structure. 



(24) #§§2 00 3- 1 09 63 3 

38. The fuel reservoir of claim 37, wherein the void volume of the 
wicking structure is about 65% to about 98% of the external volume of the 
wicking structure. 

39. The fuel reservoir of claim 38, wherein the void volume of the 
wicking structure is about 70% to about 85% of the external volume of the 
wicking structure. 

40. The fuel reservoir of claim 39, wherein the void volume of the 
wicking structure is about 75% of the external volume of the wicking 
structure. 

41 . The fuel reservoir of claim 40, wherein the void volume of the 
wicking structure is about 80% of the external volume of the wicking 
structure. 

42. The fuel reservoir of claim 41 , wherein the void volume of the 
wicking structure is about 85% of the external volume of the wicking 
structure. 

43. The fuel reservoir of claim 1, wherein the liquid fuel 
comprises methanol. 



44. The fuel reservoir of claim 1 , wherein the liquid fuel is pure 
methanol. 
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45. The fuel reservoir of claim 1, wherein the liquid fuel is an 
aqueous mixture of methanol. 

46. The fuel reservoir of claim 45, wherein the methanol 
concentration of the aqueous mixture is at least 25% by weight 

47. The fuel reservoir of claim 46, wherein the methanol 
concentration of the aqueous mixture is at least 50% by weight. 

48. The fuel reservoir of claim 47, wherein the methanol 
concentration of the aqueous mixture is about 70% to 99% by weight. 

49. The fuel reservoir of claim 48, wherein the methanol 
concentration of the aqueous mixture is about 90% by weight. 

50. The fuel reservoir of claim 49, wherein the methanol 
concentration of the aqueous mixture is about 95% by weight. 

51. The fuel reservoir of claim 50, wherein the methanol 
concentration of the aqueous mixture is about 99% by weight 

52. The fuel reservoir of claim 15, wherein the liquid delivery 
means is a pump or a wick having greater capillarity than the wicking 
structure. 

53. The fuel reservoir of claim 52, wherein the liquid delivery 
means is the pump. 
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54. The fuel reservoir of claim 52, wherein the liquid delivery 
means is the wick. 

55. The combination of claim 16, wherein the liquid delivery 
means is a pump or a wick having greater capillarity than the wicking 
structure. 

56. A fuel reservoir for a liquid fuel cell, comprising: 

(a) a container having a wall and an interior defining a cavity holding 
a liquid fuel for the liquid fuel cell; 

(b) a wicking structure disposed within the cavity and into which at 
least a portion of the liquid fuel wicks and from which the liquid fuel may 
subsequently be delivered, wherein substantially all of the free liquid fuel in 
the container is contactable by the wicking structure, wherein the wicking 
structure has a longest dimension and the free rise wick height of the wicking 
structure is greater than at least one half of the longest dimension; 

(c) an outlet that provides fluid communication of the wicking 
structure through the wall of the container to a location exterior of the 
container; and 

(d) a liquid delivery means interspersed between the outlet and the 
location exterior of the container, wherein the liquid delivery means delivers 
the liquid fuel from the outlet to the location exterior of the container. 

57. A fuel reservoir for a liquid fuel cell, comprising: 

(a) a container having a flexible wall and an interior defining a cavity 
holding a liquid fuel for the liquid fuel cell; 
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(b) a wicking structure disposed within the cavity and into which at 
least a portion of the liquid fuel wicks and from which the liquid fuel may 
subsequently be delivered, wherein substantially all of the free liquid fuel in 
the container is contactable by the wicking structure, wherein the wicking 
structure has a longest dimension and the free rise wick height of the wicking 
structure is greater than at least one half of the longest dimension; and 

(c) an outlet that provides fluid communication of the wicking 
structure through the wall of the container to a location exterior of the 
container 

58. A combination, comprising: 
(i) a recyclable fuel reservoir, wherein said recyclable fuel reservoir 
comprises 

(a) a container having a wall and an interior defining a cavity holding 
a liquid fuel for the liquid fuel cell; 

(b) a wicking structure disposed within the cavity and into which at 
least a portion of the liquid fuel wicks and from which the liquid fuel may 
subsequently be delivered, wherein substantially all of the free liquid fuel in 
the container is contactable by the wicking structure, wherein the wicking 
structure has a longest dimension and the free rise wick height of the wicking 
structure is greater than at least one half of the longest dimension; and 

(c) an outlet that provides fluid communication of the wicking 
structure through the wall of the container to a location exterior of the 
container, said outlet having a valve or a sealable cap containing a 
membrane, wherein the membrane can be punctured by a needle for liquid 
fuel introduction and the membrane seals the cavity after the liquid fuel 
introduction; and 
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(ii) a liquid fuel cell comprising an anode, 

wherein the anode is in fluid communication with the outlet of the 
recyclable fuel reservoir. 

3 Detailed Description of Invention 

This application claims the benefit of U.S. Patent Application No. 
09/894,939 filed on June 28, 2001, the disclosure of which is incorporated by 
reference. 

This invention relates to liquid fuel cells in which the liquid fuel is 
indirectly or preferably directly oxidized at the anode. In particular, it relates 
to the reservoir for holding and metering or delivering the liquid fuel to the 
anode of a liquid fuel ceil. This invention also relates to liquid fuel feed 
systems for micro fuel cell reformers. 

Background of the Invention 

Electrochemical fuel cells convert reactants, namely fuel and 
oxidants, to generate electric power and reaction products. Electrochemical 
fuel cells generally employ an electrolyte disposed between two electrodes 
(an anode and a cathode). An electrocataJyst is needed to induce the 
desired electrochemical reactions at the electrodes. Liquid feed solid 
polymer fuel cells operate in a temperature range of from about 0 °C to the 
boiling point of the fuel, /.e., for methanol about 65 °C, and are particularly 
preferred for portable applications. Solid polymer fuel cells include a 
membrane electrode assembly ("MEA*), which comprises a solid polymer 
electrolyte or proton-exchange membrane, sometimes abbreviated "PEM", 
disposed between two electrode layers. Flow field plates for directing the 
reactants across one surface of each electrode are generally disposed on 
each side of the membrane electrode assembly. 
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A broad range of reactants have been contemplated for use in solid 
polymer fuel cells, and such reactants may be delivered in gaseous or liquid 
streams. The oxidant stream may be substantially pure oxygen gas, but 
preferably a dilute oxygen stream such as found in air, is used. The fuel 
stream may be substantially pure hydrogen gas, or a liquid organic fuel 
mixture. A fuel cell operating with a liquid fuel stream wherein the fuel is 
reacted etectrochemically at the anode (directly oxidized) is known as a direct 
liquid feed fuel cell. 

A direct methanol fuel cell ("DMFC") is one type of direct liquid feed 
fuel cell in which the fuel (liquid methanol) is directly oxidized at the anode. 
The following reactions occur: 

Anode: CH 3 OH + HzO 6H* + C0 2 + 6e 
Cathode: 1 .50 2 + 6hT + 6e" 3H 2 0 
The hydrogen ions (H + ) pass through the membrane and combine with 
oxygen and electrons on the cathode side producing water. Electrons (e) 
cannot pass through the membrane, and therefore flow from the anode to the 
cathode through an external circuit driving an electric load that consumes the 
power generated by the cell. The products of the reactions at the anode 
and cathode are carbon dioxide (CO2) and water (Hj^O), respectively. The 
open circuit voltage from a single cell is about 0.7 volts. Several direct 
methanol fuel cells are stacked in series to obtain greater voltage. 

Other liquid fuels may be used in direct liquid fuel cells besides 
methanol - i.e., other simple alcohols, such as ethanol, or 
dimethoxymethane, trimethoxymethane and formic acid. Further, the 
oxidant may be provided in the fonm of an organic fluid having a high oxygen 
concentration -l.e. t a hydrogen peroxide solution. 
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A direct methanol fuel cell may be operated on aqueous methanol 
vapor, but most commonly a liquid feed of a diluted aqueous methanol fuel 
solution is used. It is important to maintain separation between the anode 
and the cathode to prevent fuel from directly contacting the cathode and 
oxidizing thereon (called "cross-over"). Cross-over results in a short circuit 
in the cell since the electrons resulting from the oxidation reaction do not 
follow the current path between the electrodes. To reduce the potential for 
cross-over of methanol fuel from the anode to the cathode side through the 
ME A, very dilute solutions of methanol (for example, about 5% methanol in 
water) are typically used as the fuel streams in liquid feed DMFCs. 

The polymer electrolyte membrane (PEM) is a solid, organic polymer, 
usually polyperfluorosulfonic acid, that comprises the inner core of the 
membrane electrode assembly (MEA). Commercially available 
polyperfluorosulfonic acids for use as PEM are sold by E.I. DuPont de 
Nemours & Company under the trademark NAFION®. The PEM must be 
hydrated to function properly as a proton (hydrogen ion) exchange 
membrane and as an electrolyte. 

For efficient function of the fuel cell, the liquid fuel should be 
controllably metered or delivered to the anode side. The problem is 
particularly acute for fuel cells intended to be used in portable applications, 
such as in consumer electronics and cell phones, where the fuel cell 
orientation with respect to gravitational forces will vary. Traditional fuel 
tanks with an outlet at the bottom of a reservoir, and which rely on gravity 
feed, will cease to deliver fuel when the tank orientation changes. 

In addition, dipping tube delivery of a liquid fuel within a reservoir 
varies depending upon the orientation of the tube within the reservoir and the 
amount of fuel remaining in the reservoir. Referring to Fig. 1, a cartridge 
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10 holds a liquid fuel mixture 12 therein. An outlet tube 14 and an air inlet 
tube 16 protrude from the cartridge cover 18, If the cartridge 10 stably 
remained at this orientation, the fuel mixture could be drawn out from the 
outlet tube 14 by pumping action, and the volume space taken by the fuel 
exiting the cartridge 10 filled by air entering through the air inlet tube 16. 
However, if the cartridge 10 were tipped on its side, the fuel mixture could be 
drawn out only so long as the fuel level is above the fuel removal point of the 
outlet tube. 

Accordingly, to facilitate use of liquid fuel cells in portable electronic 
devices, a liquid fuel reservoir that controllable holds and delivers fuel to a 
liquid fuel cell, regardless of orientation, is desired. A swappable, 
disposable, replaceable or recyclable liquid fuel reservoir is further desired. 
It is also desirable to maximize the amount of liquid fuel that the liquid fuel 
reservoir can hold. 

Summary of the Invention 

According to one embodiment of the invention, a fuel reservoir for a 
liquid fuel cell comprises 

(a) a container having a wall and an interior defining a cavity for 
holding a liquid fuel for a liquid fuel cell; 

(b) a wicking structure positioned within the cavity and into which at 
least a portion of the liquid fuel wicks and from which the liquid fuel may be 
metered, discharged or delivered; and 

(c) an outlet passageway through the container that communicates 
with the wicking structure in the cavity. 

The fuel reservoir of the present invention controllably holds a liquid 
fuel for the liquid fuel cell. The fuel reservoir can deliver fuel to a liquid fuel 
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eel! regardless of orientation because the liquid fuel inside the container is in 
fluid communication with the outlet passageway without regard to the 
orientation of the fuel reservoir. The liquid fuel stored in the fuel reservoir 
can exit the container without being dependent on gravity. 

Furthermore, the fuel reservoir of the present invention can be 
selectively attachable to or detachable from a fuel cell. The fuel reservoir 
can be swappable, disposable or replaceable. The fuel reservoir can also 
be recyclable or replenishable in that a spent fuel reservoir can be 
replenished with the liquid fuel via the outlet passageway or an optional liquid 
fuel inlet having a valve or a membrane, preferably made of fuel resistant 
rubber, through which the liquid fuel can be introduced into the spent fuel 
reservoir through a needle or the like to obtain a replenished fuel reservoir, 
wherein the membrane reseate the cavity after fuel introduction. In one of 
the embodiments of the recyclable or replenishable fuel reservoir of the 
present invention, the outlet passageway is fitted with a valve or sealable cap 
that allows the introduction of the liquid fuel into the spent fuel reservoir and 
prevents the liquid fuel from leaking out of the replenished fuel reservoir 
during storage or shipment before the next use. In another embodiment of 
the recyclable or replenishable fuel reservoir, the fuel reservoir further 
comprises a liquid fuel inlet fitted with a valve or seaJable cap that allows the 
introduction of the liquid fuel into the spent fuel reservoir and prevents the 
liquid fuel from leaking out of the replenished fuel reservoir. 

The wicking structure not only wicks and retains liquids, but permits 
liquids to be controllably metered or delivered out from such structure. The 
wicking structure has a geometry having a longest dimension. For a 
cylindrical^ shaped wicking structure, the longest dimension may be either 
its height or its diameter, depending upon the relative dimensions of the 
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cylinder. For a rectangular box-shaped wicking structure, the longest 
dimension may be either its height or its length or its thickness, depending 
upon the relative dimensions of the box. For other shapes, such as a 
square box-shaped reservoir, the longest dimension may be the same in 
multiple directions. The free rise wick height (a measure of capillarity) of the 
wicking structure preferably is greater than at least one half of the longest 
dimension. Most preferably, the free rise wick height is greater than the 
longest dimension. 

The wicking structure may be made from foams, bundled fibers, 
matted fibers, woven or nonwoven fibers, or inorganic porous materials. 
The wicking structure can in general be a porous member made of one or 
more polymers resistant to the liquid fuel. Preferably, the wicking structure 
is constructed from a wicking material selected from polyurethane foams 
(preferably felted polyurethane foams, reticulated polyurethane foams or 
felted reticulated polyurethane foams), metamine foams, and nonwoven felts 
or bundles of a polyamide such as nylon, polypropylene, polyester such as 
polyethylene terephthalate, cellulose, polyethylene, polyacrylonitrile, and 
mixtures thereof. Alternatively, the wicking structure is preferably 
constructed from a wicking material selected from polyurethane foams 
(preferably felted polyurethane foams, reticulated polyurethane foams or 
felted reticulated polyurethane foams), melamine foams, nonwoven felts of a 
polyamide such as nylon, polyethylene, polypropylene, polyester, 
polyacrylonitrile, or mixtures thereof, bundled, matted or woven fibers of 
cellulose, polyester such as polyethylene terephthalate, polyethylene, 
polypropylene, polyacrylonitrile, and mixtures thereof. Certain inorganic 
porous materials, such as sintered inorganic powders of silica or alumina, 
can also be used as the wicking material for the wicking structure. 
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if a polyurethane foam is selected for the wicking structure, such 
foam should have a density in the range of about 0.5 to about 45, preferably 
about 0.5 to about 25, pounds per cubic foot, and pore sizes in the range of 
about 10 to about 200 pores per linear inch, more preferably a density in the 
range of about 0.5 to about 15 pounds per cubic foot and pore sizes in the 
range of about 40 to about 200 pores per linear inch, most preferably a 
density in the range of 0.5 to 10 pounds per cubic foot and pore sizes in the 
range of 75 to 200 pores per linear inch. 

If a felted polyurethane foam is selected for the wicking structure, 
such as a felted reticulated polyurethane foam, such felted foam should have 
a density in the range of about 2 to about 45 pounds per cubic foot and a 
compression ratio in the range of about 1 .1 to about 30, preferably a density 
in the range of about 3 to about 15 pounds per cubic foot and compression 
ratio in the range of about 1.1 to about 20, most preferably a density in the 
range of 3 to 10 pounds per cubic foot and compression ratio in the range of 
2.0 to 15. 

A felted foam is produced by applying heat and pressure sufficient to 
compress the foam to a fraction of its original thickness. For a compression 
ratio of 30, the foam is compressed to 1/30 of its original thickness. For a 
compression ratio of 2, the foam is compressed to 1/2 of its original 
thickness. 

A reticulated foam is produced by removing the cell windows from 
the cellular polymer structure, leaving a network of strands and thereby 
increasing the fluid permeability of the resulting reticulated foam. Foams 
may be reticulated by in situ, chemical or thermal methods, all as known to 
those of skill in foam production. 
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The wicking material can be permanently or reversibly compressed 
to from the wicking structure. An example of a permanently compressed 
wicking material is a felted wicking material. An example of a reversibly 
compressed wicking structure is a wicking structure formed by compressing a 
wicking material while the wicking material is being put into the cavity of a 
container, so that structures such as the walls of the container help keep the 
wicking material in a compressed state while the wicking material is inside 
the container. 

In a particularly preferred embodiment, the wicking structure is made 
with a foam with a capillarity gradient, such that the flow of the liquid fuel is 
directed from one region of the structure to another region of the structure as 
a result of the differential in capillarity between the two regions. One 
method for producing a foam with a capillarity gradient is to felt the foam to 
varying degrees of compression along its length. The direction of capillarity 
flow of liquid is from a lesser compressed region to a greater compressed 
region. Alternatively, the wicking structure may be made of a composite of 
individual components of foams or other materials with distinctly different 
capillarities. The capillarity gradient is such that the capillarity is greatest at 
the portion of the wicking structure proximate the outlet passageway of the 
fuel reservoir, and the further distal a portion of the wicking structure is from 
the outlet passageway the lesser will be the capillarity. With such a 
capillarity gradient, the liquid fuel in the wicking structure is directed to flow 
from a point furthest away from the outlet passageway toward the outlet 
passageway, aiding in the delivery of the liquid fuel by the fuel reservoir. 

In one of the embodiments, the wicking structure held within the 
container conforms in shape substantially to the cavity of the container. 
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It is desirable to minimize the volume effectively occupied by the 
wicking structure inside the container by minimizing the solid volume of the 
wicking structure in order to maximize the amount of liquid fuel held in the 
container. Alternatively, to maximize the amount of liquid fuel held in the 
container, it is desirable to minimize the wicking material volume. The "solid 
volume* of the wicking structure is the volume occupied by the solid material 
of the wicking structure. In other words, the "solid volume" is the external 
volume of the wicking structure minus its void volume. The "wicking 
material volume" or the "volume of the wicking structure" is the sum of the 
solid volume and the volume of wicking pores in the wicking material. The 
wicking material volume is preferably no more than about 50%, more 
preferably no more than about 25%, and most preferably no more than about 
10%, of the volume of the cavity within the container. The void volume of 
the wicking material is preferably at least about 50%, more preferably about 
65% to 98%, and most preferably about 70% to 85%, of the external volume 
of the wicking material. 

In an embodiment which minimizes the solid volume occupied by the 
wicking structure, the wicking structure volume is minimized by providing a 
wicking structure that extends to the extreme parts of the cavity within the 
container with the central portion of the cavity substantially devoid of the 
wicking structure either by making the wicking structure with no or only a 
minimal amount of wicking material in the central portion of the wicking 
structure or by substantially perforating the central portion of the wicking 
structure. With the wicking structure occupying at feast the extreme parts of 
the cavity, all the liquid fuel in the cavity maintains, regardless of orientation, 
fluid communication with the outlet passageway of the container at least via 
capillarity. By reducing the amount of the wicking material in the central 
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portion of the wicking structure to a minimum, the wicking structure volume is 
minimized and, consequently, the amount of the liquid fuel that the fuel 
reservoir can hold can be maximized. For instance, if the cavity within the 
container is planar having a square or rectangular shape and eight comers, 
the wicking structure is disposed at least at or proximate the eight extreme 
corners of the cavity. If the cavity is planar with the square or rectangular 
shape, the wicking structure can have a configuration of a square or 
rectangular sheet with a plurality of perforations, a square or rectangular rim, 
or a configuration shaped like the alphabet letters "E", "H", "K", "M", "N", "X" 
or "Z". On the other hand, if the cavity within the container is planar having 
a round or oval shape, the wicking structure is disposed at least as a circular 
or oval ring along the curved edge of the cavity. 

The container of the fuel reservoir may take various shapes, such as 
a generally cylindrical cartridge comparable in size and shape to disposable 
dry cell batteries, or other known battery cartridge shapes. Alternatively, 
and particularly preferred, the container may form a generally planar thin 
pouch, packet or envelope having flexible top and bottom faces. The 
envelope may be formed from one or more sheets of a flexible plastic film or 
a plastic-coated film that are heat-sealed or ultra-sonic welded together at the 
side edges of the sheets. Such an envelope container is flexibly bendable 
when filled with liquid fuel, and the wicking structure into which at least a 
portion of the liquid fuel has wicked retains such liquid and permits metering 
or delivering of such liquid when the container is so bent. A removable tape 
may be supplied to cover the outlet passageway when the envelope 
container is shipped or stored prior to use. 

A liquid delivery means, such as a pump or a wick, can communicate 
with the outlet passageway of the fuel reservoir to deliver the liquid fuel out of 
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the container through the outlet passageway. Alternatively, the liquid fuel 
can flow out of the container via the outlet passageway under the force of 
gravity. The liquid fuel leaving the container can be delivered to an anode of 
a liquid fuel cell by gravity or preferably by the action of the liquid delivery 
means. In one of the embodiments, for instance, the liquid fuel can be 
delivered to the anode using a wick having differential capillarity with the 
capillarity in the wick greater in the part proximate the anode than the part 
proximate the outlet passageway. The liquid fuel can optionally be delivered 
to the anode by a series of wicks connected together having different 
capillarities to generate a capillarity gradient in order to direct the flow of the 
liquid fuel from the outlet passageway to the anode. If the container is made 
of a rigid material, an air inlet having a one-way valve is provided to the 
container to permit gas flow into the volume of the container as the liquid fuel 
exits the container through the outlet passageway. If the container is made 
of a flexible material, e.g. if the container is a flexible pouch, an air inlet is 
optional. 

A further embodiment of the invention is a wicking material for a fuel 
reservoir for a liquid fuel cell formed from a wicking structure of foam, 
bundled fibers or nonwoven fibers. Preferably, the wicking structure is 
constructed from a wicking material selected from polyurethane foams 
(preferably felted polyurethane foams, reticulated polyurethane foams or 
felted reticulated polyurethane foams), melamine foam, and nonwoven felts 
or bundles of polyamide such as nylon, polypropylene, polyester such as 
polyethylene terephthalate, cellulose, polyethylene, polyacrylonitrile, and 
mixtures thereof. The wicking structure made from such wicking 
material not only wicks and retains liquids, but permits liquids to be 
controilably metered or delivered out from such structure. The free rise wick 
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height (a measure of capillarity) of the wicking structure preferably Is greater 
than at least one half of the longest dimension. Most preferably, the free 
rise wick height is greater than the longest dimension. 

In a particularly preferred embodiment, the wicking material has a 
capillarity gradient, such that the flow of the liquid fuel is directed from one 
region of the material to another region of the material as a result of the 
differential in capillarity between the two regions. Alternatively, the wicking 
material may be formed as a composite of individual structures of the same 
or different materials with distinctly different capillarities. 

If a polyurethane foam is selected for the wicking material, such foam 
should have a density in the range of 0.5 to 25 pounds per cubic foot, and 
pore sizes in the range of 10 to 200 pores per linear inch, preferably a 
density in the range of 0.5 to 15 pounds per cubic foot and pore sizes in the 
range of 40 to 200 pores per linear inch, most preferably a density in the 
range of 0.5 to 10 pounds per cubic foot and pore sizes in the range of 75 to 
200 pores per linear inch. 

If a felted polyurethane foam is selected for the wicking material, 
such as a felted reticulated polyurethane foam, such foam should have a 
density in the range of 2 to 45 pounds per cubic foot and a compression ratio 
in the range of 1.1 to 30, preferably a density in the range of 3 to 15 pounds 
per cubic foot and compression ratio in the range of 1.1 to 20, most 
preferably a density in the range of 3 to 10 pounds per cubic foot and 
compression ratio in the range of 2.0 to 15. 

The fuel reservoir of the present invention can hold a liquid fuel for an 
indirect or direct fuel cell. Examples of the liquid fuel that the fuel reservoir 
can hold for a direct fuel cell are methanol, ethanol, ethylene glycol, 
dimethoxymethane, trimethoxymethane, formic acid or hydrazine. The 
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liquid fuel that the fuel reservoir can hold for indirect fuel cells or reformers 
includes liquid hydrocarbons, such as methanol, petroleum and diesel fuel. 
The fuel reservoir of the present invention preferably contains methanol as 
the liquid fuel. The methanol in the fuel reservoir is an aqueous mixture of 
methanol or, preferably, pure methanol. The methanol concentration of the 
aqueous mixture is preferably at least about 3%, preferably at least about 5%, 
more preferably at least about 25%, even more preferably at least about 50%, 
further even more preferably at least about 60%, and most preferably about 
70% to about 99%, e.g. about 85%, 90%, 95% or 99%, with the methanol 
concentration percentage expressed on a weight-to-weight basis. 

Description of the Preferred Embodiments 

Referring first to FIGs. 2 to 4, a cartridge container 20 defines a 
cavity holding a liquid fuel mixture 22. An outlet tube 24 extends into the 
container 20 through a cover 28 and the outlet tube 24 communicates 
between the cavity of the container 20 and outside of the container. An air 
inlet tube 26 also extends into the container 20 through cover 28. The air 
inlet tube 26 may include a one way valve (not shown) so as to prevent liquid 
from flowing from the container 20. 

A wicking structure 32 is provided within the cavity of the container 
20. The wicking structure 32 surrounds the open end of the outlet tube 24 
within the cavity of the container 20. Liquid fuel wicks into the wicking 
structure 32. 

In the embodiment shown in FIGs. 2 to 4, the wicking structure is a 
felted polyurethane foam shaped as a rectangular cube or box. For 
example, the structure is approximately 10 mm (width) x 5 mm (thickness) x 
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90 (height) mm, with the 90 mm height as the longest dimension of the 
structure. 

The foam was produced with the following mix: 
Arcol 3020 polyol (from Bayer Corp.) 1 00 parts 

Water 4.7 
Dabco NEM (available from Air Products) 1.0 
A-1 (available for OSi Specialties/Crompton) 0.1 
Dabco T-9 (available from Air Products) 0.17 
L-620 (available from OSi Specialities/Crompton) 1 .3 



After mixing for 60 seconds and allowed to degas for 30 seconds, 60 parts of 
toluene ditsocyanate were added. This mixture was mixed for 10 seconds 
and then placed in a 15" x 15" x 5" box to rise and cure for 24 hours. The 
resulting foam had a density of 1 .4 pounds per cubic foot and a pore size of 
85 pores per linear inch. The foam was felted by applying heat (360°F) and 
pressure sufficient to compress the foam to 1/5 of its original thickness (/.e., 
compression ratio - 5). The heat and compressive pressure were applied 
for about 30 minutes. The felted foam had a density of 7.0 pounds per cubic 
foot. 

The container 20 is filled with 6 ml. of an aqueous fuel solution 
containing 95% methanol. The cover 18 to the container comprises a cap 
with a rubber serum stopper 34. 

A pump 30 acts on the outlet tube 24 and draws liquid fuel 22 from 
the wicking structure 32 through the outlet tube 24. Only a slight vacuum 
needs to be placed on the outlet tube 24 to draw the fuel mixture out of the 
container. Fuel may be drawn out regardless of the orientation of the 
container. In one test, with the container in its "vertical* orientation as 
shown in FIGs. 2 to 4, 5.0 ml of liquid fuel were drawn out of the fuel 
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reservoir for a fixed pump setting. In a second test, with the container in an 
"upside-down" orientation (not shown), more than 2.0 ml of liquid fuel were 
drawn from the fuel reservoir at the same pump setting. While the 
"upside-down" orientation causes less efficient fuel delivery, fuel delivery was 
not interrupted, as woukJ be the case for other fuel reservoirs. 

In an alternate embodiment (not shown), the wicking structure was 
selected as a non-woven polyester fiber pad shaped into a rectangular cube 
or box of approximately 1 0 mm x 5 mm x 90 mm. The non-woven pad was 
formed by mixing together bulk fiber (polyester and melt-binder coated 
sheathed polyester) and forming the mixture with a combed roller into a layer. 
The layer was removed from the roller with a moving comb and transferred to 
a conveyor belt. The conveyor belt fed the material to an articulated arm 
that stacked multiple layers onto a separate conveyor belt The multiple 
layers were heated and compressed to the desired final thickness. Similar 
fuel delivery was achieved with this non-woven polyester fiber wicking 
structure. 

In a further alternate embodiment (not shown), the wicking structure 
comprised a needled felt. A blend of recycled polyester, polypropylene and 
nylon fibers were fiber-separated and a comb roller pulled a layer of fiber. 
The layer was removed from the roller with a moving comb and transferred to 
a conveyor belt. The conveyor belt fed the material to an articulated arm 
that stacked multiple layers onto a separate conveyor belt. The multiple 
layers (with a combined thickness of about 10 inches) were fed through two 
needling operations in which a bank of barbed needles compact the multiple 
layers together. Needling also forced some fibers to be pulled through the 
sample to entangle and hold the final shape of the needled felt together. 
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Similar fuel delivery was achieved with a wicking structure formed as a 
rectangular cube of the needled fett. 

Referring next to FIGs. 5 and 6, an alternate container of flexible 
packaging for a fuel reservoir is shown. The flexible fuel delivery pouch, 
packet or envelope 40 comprises one or more sheets connected together to 
form the pouch, packet or envelope with sealed edges 42. Preferably, the 
sheets are connected by heat-sealing or ultra-sonic welding. The envelope 
40 defines a central volume forming a reservoir for a liquid fuel 52 for a fuel 
cell. An air inlet 44 is provided with a one way valve 46 to prevent liquid fuel 
from draining from the envelope 40. The air inlet 44 provides a passageway 
for air to enter the volume of the envelope as liquid fuel is drawn therefrom. 

An outlet tube 48 is provided through the envelope 40. The outlet 
tube is in fluid communication between the interior volume of the envelope 
and the fuel cell. Prior to use, the outlet tube 48 may be covered with a 
covering tape 50, which Is shown in phantom outline in FIG. 5. The tape 
covers the opening of the outlet tube 48. In this way, a pre-filled fuel 
reservoir may be shipped and stored without leakage of liquid fuel therefrom. 
The tape 50 is removed when the envelope is installed for use to fuel a fuel 
cell. 

A wicking structure 54, formed from materials noted above with 
respect to the embodiment in FIGs. 2 to 4, is held within the volume of the 
envelope 40. Just as with the first embodiment, a pump (not shown in FIGs. 
5 and 6) is used to draw liquid fuel from the interior volume of the container 
through the outlet tube 48. And like the first embodiment, efficient fuel 
delivery is independent of the orientation of the envelope and the wicking 
structure. 
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Preferably, the wicking structure 54 conforms in dimension to the 
interior volume of the envelope 40. Because the wicking structure 54 
preferably is flexible, and the envelope 40 preferably is formed from flexible 
film materials, the entire fuel cell delivery system may be bent or flexed for 
various positions and configurations when in use. Moreover, the envelope 
40 in this preferred embodiment is lightweight and formed with substantially 
planar top and bottom surfaces. 

Referring to FIGs. 7 and 8, another flexible fuel reservoir is shown. 
The fuel reservoir according to FIGs. 7 and 8 is similar to the flexible fuel 
reservoir of FIGs. 5 and 6 except for the absence of the air inlet 44 and the 
one way valve 46 as the flexible pouch can collapse as fuel is withdrawn. 

FIGs. 9 and 1 0 illustrate another flexible fuel reservoir of the present 
invention. The flexible fuel reservoir of FIGs. 9 and 10 is similar to the 
flexible fuel reservoir according to FIGs. 7 and 8 except for the presence of a 
liquid fuel inlet 56 having a valve 58 for the introduction of liquid fuel into the 
flexible pouch in order to replenish the flexible fuel reservoir with liquid fuel 
making the fuel reservoir recyclable. 

FIGs. 11 and 12 illustrate another recyclable, flexible fuel reservoir of 
the present invention. The recyclable, flexible fuel reservoir of FIGs. 11 and 
12 is similar to the flexible fuel reservoir according to FIGs. 9 and 10 except 
for the presence of a liquid fuel inlet 57 sealed with a membrane 59 
preferably made of rubber for the introduction of fresh liquid fuel by a syringe 
or the like into the flexible pouch after some or all of the original liquid fuel 
has been discharged from the reservoir in order to replenish the spent fuel 
reservoir with liquid fuel making the fuel reservoir recyclable. Upon 
puncture, the membrane allows the introduction of the liquid fuel into the 
cavity, and after liquid fuel introduction the membrane reseals the cavity. 
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Referring to FIGs. 13 through 20, several embodiments of fuel 
reservoirs 100, 102, 104, 106, 108, 110,112 and 114 with the volume of the 
wicking structures 73, 74, 75, 77, 79, 81, 83 and 85 minimized are shown. 
Each of the fuel reservoirs comprises a container 72 defining a cavity 76 
having a wicking structure 73, 74, 75, 77, 79, 81, 83 or 85, a liquid fuel outlet 
passageway 78 and an optional air inlet 80 {depending on whether the 
container 72 is made of a rigid material). The wicking structures 73, 74, 75, 
77, 79, 81 , 83 and 85 of these fuel reservoirs occupy at least the extreme 
parts of the cavity 76. The wicking structure can have a 3-sided 
configuration (see FIG. 13), square or rectangular configuration (see FIG. 14) 
or a configuration in the shape of an alphabet letter T-T, "X", "N", "M", "K" or 
"E" {see FIGs. 15-20, respectively). 

FIG. 21 schematically shows an embodiment of a recyclable fuel 
reservoir according to the present invention. The recyclable fuel reservoir 
116 comprises a container 72, wicking structure 73, cavity 76, an optional air 
inlet 80 and a liquid fuel outlet 78 having a sealabie cap 82 and a membrane 
84 preferably made of rubber on the sealabie cap. After seme or all of the 
original liquid fuel has been discharged from the fuel reservoir, the fuel 
reservoir can be disconnected from the fuel cell, the opening of the liquid fuel 
outlet 78 can then be sealed with the sealabie cap 82 and fresh liquid fuel 
can be injected through the membrane 84 to replenish the spent fuel 
reservoir with liquid fuel. 

FIG. 22 is a schematic view of another embodiment of a recyclable 
fuel reservoir according to the present invention. The recyclable fuel 
reservoir 118 comprises a container 72, wicking structure 73, cavity 76, an 
optional air inlet 80 and a liquid fuel outlet 88 having a valve 86. After some 
or all of the original liquid fuel has been discharged from the fuel reservoir, 
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the valve 86 can be closed and the fuel reservoir is disconnected from the 
fuel cell. Fresh liquid fuel can be introduced into the spent fuel reservoir 
through the valve 86 to replenish the spent fuel reservoir with liquid fuel to 
make the fuel reservoir recyclable or rechargeable. 

FIG. 23 schematically shows an embodiment in which a swappable 
fuel reservoir 200 of the present invention is connected to the anode 212 of a 
fuel cell 210 via a fuel delivery wick 208. The swappable fuel reservoir 200 
comprises a container 204 defining a cavity 206, which contains a wicking 
structure 202, The wicking structure 202 of the fuel reservoir 200 is in 
contact with the fuel delivery wick 208. The capillary of the fuel delivery 
wick 208 is greater than the capillary of the wicking structure 202 so that a 
capillary gradient is created to deliver liquid fuel from the fuel reservoir 200 to 
the anode 212 of the fuel cell 210. 

In a particularly preferred embodiment, the wicking structure is made 
with a foam with a capillarity gradient, such that the flow of the liquid fuel is 
directed from one region of the structure to another region of the structure as 
a result of the differential in capillarity between the two regions. One 
method for producing a material with a capillarity gradient is to felt a foam to 
varying degrees of compression along its length. Another method for 
producing a material with a capillarity gradient is to assemble a composite of 
individual components with distinctly different capillarities. The direction of 
capillarity flow of liquid is from a lower capillarity region to a higher capillarity 
region. 

FIGs. 24 and 25 illustrate schematically a method for making a 
wicking material, such as foam, with a capillarity gradient. As shown in FIG. 
24, a wedge-shaped slab 60 of foam of consistent density and pore size has 
a first thickness T1 at a first end 61 and a second thickness T2 at a second 
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end 65. The slab 60 is subjected to a felting step high temperature 
compression for a desired time to compress the slab 60 to a consistent 
thickness T3, which is less than the thicknesses T1 and T2. A greater 
compressive force, represented by arrows 62, is required to compress the 
material from T1 to T3 at the first end 61 than is the compressive force, 
represented by arrows 64 required to compress the material from T2 to T3 at 
the second end 65. 

The compression ratio of the foam material varies along the length of 
the felted foam shown in FIG. 25, with the greatest compression at the first 
end 61 A (T1 to T3) as compared with the second end 65A (T2 to T3). The 
capillary pressure is inversely proportional to the effective capillary radius, 
and the effective capillary radius decreases with increasing firmness or 
compression. Arrow 66 in FIG. 25 represents the direction of capillary flow 
from the region of lower felt firmness or capillarity to higher felt firmness or 
capillarity. Thus, if a wicking material or wicking structure is formed with a 
material or composite material having a capillarity gradient, the liquid fuel 
wicked into the material may be directed to flow from one region of the 
material with lower compression ratio to another region with higher 
compression ratio. 

The invention has been illustrated by detailed description and 
examples of the preferred embodiments. Various changes in form and 
detail will be within the skill of persons skilled in the art. Therefore, the 
invention must be measured by the claims and not by the description of the 
examples or the preferred embodiments. 
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4 Brief Description of Drawings 

FIG. 1 is a front elevational view partially broken away of a prior art 
fuel cartridge for a liquid fuel cell; 

FIG. 2 is a front elevational view of a liquid fuel reservoir for a fuel 
cell according to the invention; 

FIG. 3 is a right side elevational view partially broken away of the 
liquid fuel reservoir of FIG. 2; 

FIG. 4 is a top plan view of the liquid fuel reservoir of FIGs. 2 and 3; 
FIG. 5 is a front elevational view of an alternative liquid fuel reservoir 
for a fuel cell according to the invention; 

FIG. 6 is a right side elevational view partially broken away of the 
alternative liquid fuel reservoir of FIG. 5; 

FIG. 7 is a front elevational view of an alternative liquid fuel reservoir 
having no air inlet for a fuel cell according to the invention; 

FIG. 8 is a right side elevational view partially broken away of the 
alternative liquid fuel reservoir of FIG. 7; 

FIG. 9 is a front elevational view of an alternative liquid fuel reservoir 
having a liquid fuel introduction inlet 56 containing a valve 58 for a fuel cell 
according to the invention; 

FIG. 10 is a right side elevational view partially broken away of the 
alternative liquid fuel reservoir of FIG. 9; 

FIG. 11 is a front elevational view of an alternative liquid fuel 
reservoir having a liquid fuel introduction inlet 57 sealed by a membrane 59 
made preferably of rubber for a fuel cell according to the invention; 

FIG. 12 is a right side elevational view partially broken away of the 
alternative liquid fuel reservoir of FIG. 11; 
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FIG. 13 is a schematic diagram of a liquid fuel reservoir viewed from 
the front with the volume of the wicking structure minimized according to the 
invention; 

FIG. 14 is a schematic diagram of a liquid fuel reservoir viewed from 
the front with the volume of the wicking structure minimized according to the 
invention; 

FIG. 15 is a schematic diagram of a liquid fuel reservoir viewed from 
the front with the volume of the wicking structure minimized according to the 
invention; 

FIG. 16 is a schematic diagram of a liquid fuel reservoir viewed from 
the front with the volume of the wicking structure minimized according to the 
invention; 

FIG. 17 is a schematic diagram of a liquid fuel reservoir viewed from 
the front with the volume of the wicking structure minimized according to the 
invention; 

FIG. 18 is a schematic diagram of a liquid fuel reservoir viewed from 
the front with the volume of the wicking structure minimized according to the 
invention; 

FIG. 19 is a schematic diagram of a liquid fuel reservoir viewed from 
the front with the volume of the wicking structure minimized according to the 
invention; 

FIG. 20 is a schematic diagram of a liquid fuel reservoir viewed from 
the front with the volume of the wicking structure minimized according to the 
invention; 

FIG. 21 is a schematic diagram of a recyclable or rechargeable liquid 
fuel reservoir with a liquid fuel outlet 78 having a sealable cap 82 containing 
a membrane 84 preferably made of rubber according to the invention; 
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FIG. 22 is a schematic diagram of a recyclable or rechargeable liquid 
fuel reservoir having a valve 86 in a liquid fuel outlet 88 according to the 
invention; 

FIG. 23 is a schematic diagram of an arrangement of delivering liquid 
fuel from a fuel reservoir of the invention to the anode of a fuel cell by 
capillarity. 

FIG. 24 is a schematic diagram of a wedge of wicking material prior 
to felting; and 

FIG. 25 is a schematic diagram of the wicking material of FIG. 24 
after felting. 
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1 Abstract 

The present invention concerns a fuel reservoir for a liquid 
fuel cell particularly useful for portable electronic devices in which 
the fuel reservoir can deliver the liquid fuel regardless of the 
orientation. The fuel reservoir comprises (a) a container defining 
a cavity for holding the liquid fuel; (b) a wicking structure 
positioned within the cavity and into which at least a portion of the 
liquid fuel wicks and from which said liquid fuel subsequently may 
be discharged or delivered, such as by pumping or wicking. The 
wicking structure is formed from a wicking material with a free rise 
wick height greater than at least one half of the longest dimension 
of the wicking structure. Among materials with such wicking 
capability are foams, matted, bundled or woven fibers and 
nonwoven fibers. The container may have a generally flat and 
thin profile, formed as a pouch or envelope with substantially 
planar top and bottom faces of flexible film material, such that the 
container holding the wicking structure and filled with the liquid fuel 
can be bent or shaped. 

2 Representative Drawing 
Fig.2 



